Abstract
Introduction 25 26
Narrower bandgap materials such as silicon (the material most commonly used for semiconductor X-27 ray detectors) offer excellent energy resolutions when cooled to ≤ 20 °C [1] , but this performance 28 degrades at high temperatures due to increased thermal charge carrier generation [2] . In some 29 extreme cases, the optimum operating temperatures for silicon X-ray detectors can be as low as -130 30 °C [3] , although cooling to more modest temperatures is more common. Under certain circumstances, 31 such as spaceflight, cooling detectors to low temperatures can be impractical or undesirable since it 32 increases the mass, volume and power requirements of the instrument. 33 
34
Spectroscopic photon counting X-ray photodiodes made from materials such as SiC [4, 5] , GaAs 35 [6, 7, 8] and AlGaAs [9, 10] offer the ability to operate uncooled in high temperature environments 36 (>>20 °C) due to the low thermally induced leakage currents present in wide band gap materials 37 giving rise to correspondingly small parallel white noises in the detector system [2] . Potential uses for 38 high temperature spectroscopic photon counting detectors include X-ray fluorescence spectroscopy 39 for geological applications on hot planetary surfaces (e.g. Mercury, Venus, parts of Earth) as well as 40 for various terrestrial applications in industrial instrumentation and process control. 41 
42
The first reported use of AlGaAs for X-ray detection was by Lauter et al. in 1995 [11] as part of an 43 AlGaAs/GaAs X-ray APD. However, it is only in more recent years that AlGaAs has started to 44 receive significant attention for X-ray applications with results reported showing the response of 45 single pixel detectors to X-rays [9,10-13], beta particles and electrons [9, 14] and alpha particles [12] , 46 with the subsequent measurement of key parameters relevant to high temperature AlGaAs detector 47 physics such as the electron-hole pair creation energy [15, 16] and the temperature dependence of the 48 impact ionization coefficients [17] . Another challenge in the development of AlGaAs for X-ray 49 detector applications has been the historically low good device yield (low leakage, acceptable and 50 consistent spectral performance) from growth and fabrication runs. The effect of this has been that 51 until now researchers have presented results from only single or very few AlGaAs X-ray devices 52 rather than reporting characterisation of multiple devices on the same die as would be required if 53 monolithic AlGaAs pixel arrays are to become a reality. 54 In this paper, results are presented from a new nine diode set of Al 0.8 Ga 0.2 As X-ray mesa photodiodes 56 (400 µm diameters, 1.7 µm i layers) operated at room temperature and coupled to a charge sensitive 57 preamplifier of custom design. The devices were randomly selected from a ~5 mm by ~5 mm die 58 from a wafer grown by Molecular Beam Epitaxy. Unlike previous work, every diode tested showed a 59 low leakage current and a spectroscopic photon counting response with consistent energy resolution.
60
This is a significant step towards the realisation of AlGaAs mesa X-ray photodiode pixel arrays since 61 the device yield is now demonstrably high enough for the production of small arrays (e.g. 3 by 3 62 pixels) to be a reality. The devices also have the highest quantum efficiency for spectroscopic photon 63 counting AlGaAs X-ray mesa photodiodes reported in the literature to date, the best spectral 64 resolution for non-avalanche AlGaAs devices of this size reported in the literature to date, and for the 65 first time, a quantitative estimate of charge trapping noise in AlGaAs X-ray detectors is calculated. gold ball bonded to a standard TO package for I-V and X-ray characterisation. To obtain X-ray spectra, the diodes were each reverse biased at 5 V and connected to a single channel 117 low noise charge sensitive preamplifier in turn. The preamplifier used a silicon JFET (NJ26,   118 capacitance ~2 pF) as the input transistor. The preamplifier was of a feedback resistorless design 119 similar to ref. [19] . The preamplifier was connected to an Ortec 571 shaping amplifier (shaping time 120 constant = 3 µs) and multi-channel analyser (MCA). The MCA lower input discriminator was set at The energy resolution of the system (as measured by the FWHM at 5.9 keV) for each diode when To investigate the performance of the detectors when operated at increased reverse bias, X-ray 177 measurements were repeated at 10 V for a random selection of two-thirds (six) of the diodes, for noise [19] . If the noises from the stray capacitances and the additional dielectrics could be eliminated, 293 it is predicted that a mean energy resolution of 1.0 keV FWHM at 5.9 keV would be achieved with 294 detectors and system. Operation at increased reverse bias was investigated for a randomly selected sub-set of two-thirds of 313 the devices. The count rates of the devices were consistent and the same at 10 V as they were at 5 V, increased reverse bias, the reduction in noise at higher reverse bias may be attributed to reductions in 321 charge trapping noise. The measurements suggested there was 26e -rms equivalent noise charge more charge trapping noise at 5 V than 10 V. However, the FWHM were still larger at 10 V than at 5 V 323 because the increase in parallel white noise from the leakage current was greater than the reduction in 324 suspected charge trapping noise. This is the first time there has been sufficient data to be able to 325 quantitatively estimate the trapping noise in AlGaAs X-ray detectors. The results reported here are the first investigation that characterises multiple randomly selected 336 AlGaAs X-ray diodes from the same semiconductor die, rather than simply reporting characterisation 337 of single 'known good' devices selected by pre-screening. By characterising nine randomly selected 338 devices across a die size of ~5 mm by ~5 mm, and finding that every diode is functional, with 339 consistent C-V, I-V and X-ray performances, it has been shown that AlGaAs X-ray detector 340 technology is now at a stage suitable for research to move to the production of small pixel arrays (e.g.
341
3 by 3 pixels). This is an important advance for AlGaAs X-ray detectors and we anticipate reporting (rather than MBE) in order achieve thicker i layers are also anticipated.
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